YPdSn and YPd2Sn: Structure, 89Y solid state NMR and 119Sn Mössbauer spectroscopy by Höting, Christoph et al.
  Universidade de São Paulo
 
2012-06
 
YPdSn and YPd2Sn: Structure, 89Y solid state
NMR and 119Sn Mössbauer spectroscopy
 
 
Journal of Solid State Chemistry,Maryland Heights : Academic Press,v. 190, p. 216-220, June 2012
http://www.producao.usp.br/handle/BDPI/49963
 
Downloaded from: Biblioteca Digital da Produção Intelectual - BDPI, Universidade de São Paulo
Biblioteca Digital da Produção Intelectual - BDPI
Departamento de Física e Ciência Interdisciplinar - IFSC/FCI Artigos e Materiais de Revistas Científicas - IFSC/FCI
YPdSn and YPd2Sn: Structure,
89Y solid state NMR and
119Sn Mo¨ssbauer spectroscopy
Christoph Ho¨ting a, Hellmut Eckert b, Thorsten Langer a, Inga Schellenberg a, Rainer Po¨ttgen a,n
a Institut fu¨r Anorganische und Analytische Chemie, Universita¨t Mu¨nster, Corrensstraße 30, D-48149 Mu¨nster, Germany
b Institut fu¨r Physikalische Chemie, Universita¨t Mu¨nster, Corrensstraße 30, D-48149 Mu¨nster, Germany
a r t i c l e i n f o
Article history:
Received 2 January 2012
Received in revised form
14 February 2012
Accepted 17 February 2012
Available online 27 February 2012
Keywords:
Stannides
Crystal chemistry
89Y solid state NMR
119Sn Mo¨ssbauer spectroscopy
a b s t r a c t
The stannides YPdSn and YPd2Sn were synthesized by high-frequency melting of the elements in sealed
tantalum tubes. Both structures were reﬁned on the basis of single crystal X-ray diffractometer data:
TiNiSi type, Pnma, a¼715.4(1), b¼458.8(1), c¼789.1(1) pm, wR2¼0.0461, 510 F2 values, 20 variables
for YPdSn and MnCu2Al type, Fm3¯m, a¼671.44(8), wR2¼0.0740, 55 F2 values, 5 parameters for YPd2Sn.
The yttrium atoms in the new stannide YPdSn are coordinated by two tilted Pd3Sn3 hexagons (ordered
AlB2 superstructure). In the Heusler phase YPd2Sn each yttrium atom has octahedral tin coordination
and additionally eight palladium neighbors. The cubic site symmetry of yttrium is reﬂected in the 119Sn
Mo¨ssbauer spectrum which shows no quadrupole splitting. In contrast, YPdSn shows a single signal
at d¼1.82(1) mm/s subjected to quadrupole splitting of DEQ¼0.93(1) mm/s. Both compounds have
been characterized by high-resolution 89Y solid state NMR spectroscopy, which indicates the presence
of strong Knight shifts. The spectrum of YPd2Sn is characterized by an unusually large linewidth,
suggesting the presence of a Knight shift distribution reﬂecting local disordering effects. The range of
89Y Knight shifts of several binary and ternary intermetallic yttrium compounds is brieﬂy discussed.
& 2012 Elsevier Inc. All rights reserved.
1. Introduction
Modern high-resolution solid state nuclear magnetic resonance
spectroscopy is an excellent complementary tool for structure
determination in many cases where X-ray diffraction is at its limits.
In particular its element selectivity, inherently quantitative charac-
ter, and its focus on local atomic environments make it uniquely
suitable for the study of order/disorder phenomena in crystalline
solid solution systems, the identiﬁcation of local defects in non-
stoichiometric materials, and the study of phase transitions and
formation of superstructures. If crystals are not available for single-
crystal diffractometry, NMR spectra give the number of crystal-
lographically distinct sites and in favorable cases can provide sufﬁ-
cient constraints for developing a structure solution based entirely on
spectroscopic data (NMR crystallography). Finally, even in the
absence of a periodic lattice, or in the case of multiphase systems
with high compositional complexity, structural models can be devel-
oped based on the quantiﬁcation of local and medium-range order by
complementary spectroscopic approaches. While applications abound
for a wide range of solid inorganic structures (salts, oxides, semi-
conductors), organic and inorganic molecular crystals, polymers,
inorganic–organic hybrid materials, nanocomposites, ceramics and
glasses, high-resolution NMR techniques focusing on local struc-
tural issues have been applied to a much lesser extent to
intermetallic systems. This is particularly true for rare earth
(RE) based intermetallic materials, where the strong Curie para-
magnetism of unpaired 4f electrons renders the direct observa-
tion of the rare-earth atomic nuclei by NMR spectroscopy
impossible. Exceptions are 45Sc, 89Y, 139La, 175Lu, and – for
intermetallic compounds containing divalent rare-earth species
– 171Yb. Of these nuclei, the high-resolution solid state NMR
spectroscopy of the 45Sc isotope has by now been broadly
developed in both the ﬁelds of intermetallics [1] and oxide based
materials [2]. Prominent examples in the ﬁeld of intermetallics
are the superstructure determinations of ScAgSn [3], ScAuSi [4],
and the series of carbides Sc3TC4 (T¼Ni, Co, Ru, Rh, Os, Ir) [5].
While continuing our systematic exploration of 45Sc NMR inter-
action parameters in relation to the local environments and
electronic structures of ternary ScxTyXz (T¼transition metal;
X¼element of the 3rd, 4th, and 5th main group) intermetallic
compounds [6] we are now also pursuing parallel 89Y investiga-
tions on structurally related yttrium compounds. While high-
resolution solid state 89Y NMR spectroscopy of diamagnetic
insulators has been well-developed by now [7–14], NMR applica-
tions to metallic systems have thus far been limited mostly to
low-resolution work on the electronic and magnetic properties of
yttrium hydrides [15–19], yttrium–iron based alloys [20–22] and
borocarbides [23]. The only structurally focused high-resolution
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89Y NMR applications to metallic systems appear to be a studies of
Y5Si2B8 [24] and YB4 [25]. Based on our knowledge on stannides
and intermetallic tin compounds [26] we have started our studies
with the cubic Heusler compound YPd2Sn and the new TiNiSi type
stannide YPdSn. The 4.9 K superconductor YPd2Sn has intensively
been studied in the 1980s with respect to solid solutions and the
pressure dependence of the transition temperature [27–32].
Although the series of equiatomic REPdSn stannides has repeat-
edly been studied with respect to the structural behavior and the
magnetic properties [33–37], YPdSn has not been reported so far.
Here we present the crystal structure reﬁnements of YPd2Sn and
YPdSn by single crystal X-ray crystallography as well as their
structural characterization via 89Y solid state NMR and 119Sn
Mo¨ssbauer spectroscopy.
2. Experimental
2.1. Synthesis
Starting materials for the preparation of the YPdSn and YPd2Sn
samples were yttrium ingots (smart elements), palladium powder
(Degussa-Hu¨ls), and tin drops (Merck), all with stated purities
better than 99.9%. The elements were weighed in the ideal 1:1:1
and 1:2:1 atomic ratios and arc-welded [38] in tantalum tubes
under 800 mbar argon. Argon was puriﬁed with titanium sponge
(900 K), silica gel, and molecular sieves. The tantalum tubes were
then placed in the water-cooled sample chamber of an induction
furnace [39] (Hu¨ttinger Elektronik, Freiburg, Germany, Typ TIG
2.5/300). The tubes were subsequently annealed for 30 min at
1600 K and ﬁnally for 90 min at 900 K, followed by quenching.
Both samples could easily be separated mechanically from the
tubes. No reaction with the crucible material could be detected.
The silvery polycrystalline samples are stable in air over weeks.
2.2. Scanning electron microscopy
The YPd2Sn and YPdSn single crystals investigated on the diffract-
ometers were studied by EDX using a Zeiss EVO MA10 scanning
electron microscope with Y, Pd and Sn as standards for the semi-
quantitative measurements. The experimentally observed composi-
tions of 2672 at% Y: 5072 at% Pd: 2472 at% Sn and 3572 at% Y:
3372 at% Pd: 3272 at% Sn were close to the ideal values. The
standard deviations account for the irregular surface of the crystals
(conchoidal fracture). No impurity elements have been detected.
2.3. X-ray powder and single crystal data
The polycrystalline YPdSn and YPd2Sn samples were charac-
terized through Guinier powder patterns (imaging plate techni-
que, Fujiﬁlm BAS–1800) with CuKa1 radiation and a-quartz
(a¼491.30 and c¼540.46 pm) as an internal standard. The lattice
parameters (Table 1) were deduced from the powder data by
a least-squares routine. Correct indexing of the patterns was
ensured by intensity calculations [40].
Irregularly-shaped single crystals of YPd2Sn and YPdSn were
selected from the crushed samples and glued to quartz ﬁbers. They
were investigated by Laue photographs on a Buerger camera (white
molybdenum radiation, Fuji-ﬁlm image plate technique) in order to
check the quality for intensity data collection. The YPdSn data set was
collected at room temperature by use of a four-circle diffractometer
(CAD4) with graphite monochromatized AgKa (56.083 pm) radiation
and a scintillation counter with pulse height discrimination. Scans
were taken in the o/2y mode. An empirical absorption correction
was applied on the basis of C-scan data, accompanied by spherical
absorption corrections. Intensity data of the YPd2Sn crystal were
collected at room temperature by use of a Stoe IPDS-II imaging plate
diffractometer in oscillation mode (graphite monochromatized MoKa
radiation). A numerical absorption correction was applied to the data
set. All relevant crystallographic data and details of the data collec-
tions and evaluations are listed in Table 1.
The Guinier patterns of YPdSn and YPd2Sn indicated isotypism
with TiNiSi [41] and MnCu2Al [42]. In agreement with the powder
X-ray data, the diffractometer data sets were compatible with
space groups Pnma and Fm3¯m. The starting atomic parameters
were deduced from Direct Methods with SHELXS-97 [43,44] and
both structures were reﬁned with SHELXL-97 [45,46] (full matrix
least squares on Fo
2) with anisotropic displacement parameters for
all sites. The occupancy parameters have been reﬁned in a separate
series of least squares cycles. All sites were fully occupied within
three standard deviations. Final difference Fourier synthesis
revealed no signiﬁcant residual peaks. The reﬁned atomic para-
meters and interatomic distances are listed in Tables 2 and 3.
Further details on the structure reﬁnements are available.
Details may be obtained from: Fachinformationszentrum Karls-
ruhe, D-76344 Eggenstein-Leopoldshafen (Germany), by quoting
the Registry No’s. CSD–424012 (YPdSn) and CSD–424011 (YPd2Sn).
2.4. 119Sn Mo¨ssbauer spectroscopy
A Ca119mSnO3 source was available for the
119Sn Mo¨ssbauer
spectroscopic investigations. The samples were placed within
Table 1
Crystallographic data and structure reﬁnement for YPdSn and YPd2Sn.
Empirical formula YPdSn YPd2Sn
Structure type TiNiSi MnCu2Al
Space group; Z Pnma; 4 Fm3¯m; 4
M mass (g mol1) 314.0 420.40
Lattice parameters (pm) a¼715.4(1) a¼671.44(8)
(Guinier data) b¼458.8(1)
c¼789.1(1)
Cell volume (nm3) 0.2590 0.3027
r (g cm3) 8.05 9.23
Crystal size (mm3) 202040 204080
Radiation Ag-Ka Mo-Ka
(l¼56.083 pm) (l¼71.073 pm)
Abs. coeff., m (mm1) 20.6 38.5
F(0 0 0), (e) 540 724
y range (deg.) 3–25 5–35
hkl range 710, 76, 2–10 710, 710, 710
Total no. reﬂ. 2140 1143
Independent reﬂections/Rint 510/0.0617 55/0.0309
Reﬂections with IZ2s(I)/Rs 322/0.0439 55/ 0.0174
Data/ parameters 510/20 55/5
Goodness-of-ﬁt 1.025 1.340
R1/ wR2 for IZ2s(I) 0.0293/0.0406 0.0367/0.0740
R1/ wR2 for all data 0.0636/0.0461 0.0367/0.0740
Extinction coeff. 0.0160(7) 0.0074(15)
Largest diff. peak/hole (e A˚3) 2.00/1.38 2.46/3.45
Table 2
Atomic coordinates and equivalent isotropic displacement parameters (pm2) for
the stannides YPdSn and YPd2Sn. Ueq is deﬁned as one third of the trace of the
orthogonalized Uij tensor.
Atom Wyckoff site x y z Ueq
YPdSn
Y 4c 0.0075(2) 1/4 0.70615(9) 95(2)
Pd 4c 0.20371(14) 1/4 0.0837(2) 104(3)
Sn 4c 0.30468(12) 1/4 0.41212(17) 92(2)
YPd2Sn
Y 4b 1/2 1/2 1/2 292(11)
Pd 8c 1/4 1/4 1/4 131(8)
Sn 4a 0 0 0 150(9)
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thin-walled PVC containers at a thickness of about 10 mg Sn/cm2.
A palladium foil of 0.05 mm thickness was used to reduce the tin
K X-rays concurrently emitted by this source. The measurements
were conducted in the usual transmission geometry at 78 and
298 K.
2.5. 89Y solid state NMR
Solid state 89Y NMR spectra were recorded at 24.5 MHz on
a Bruker DSX-500 spectrometer using a 7 mm low-gamma
MAS-NMR probe. Spectra were acquired in the single-pulse mode,
using 901 pulses of 9 ms length and relaxation delays of 1 and 10 s,
for YPdSn and YPd2Sn, respectively. Resonance shifts are exter-
nally referenced to a 1 M aqueous solution of YCl3.
119Sn solid
state MAS-NMR was also attempted unsuccessfully, using a
Bruker DSX 300 spectrometer, operated at a resonance frequency
of 111.9 MHz, using 4 mm spinners rotating at 12 kHz, single
pulse acquisition with a 901 pulse length of 4.25 ms and a
relaxation delay of 5 s. We attribute the failure of observing a
119Sn NMR signal to the presence of defects, producing a wide
Knight shift distribution that might broaden this resonance
beyond detectability in our samples.
3. Result and discussion
3.1. Crystal chemistry
The stannides YPdSn and YPd2Sn show two distinctly different
yttrium coordination modes. In the cubic Heusler phase YPd2Sn
each yttrium atom has octahedral tin coordination (Fig. 1) at Y–Sn
distances of 336 pm; additionally we observe a cubic coordination
by eight palladium atoms at Y–Pd distances of 291 pm. The latter
distances compare well with the sum of the covalent radii [47] of
290 pm.
The TiNiSi type stannide YPdSn adopts a superstructure of
AlB2. The palladium and tin atoms form ordered Pd3Sn3 hexagons
which coordinate to the yttrium atoms (Fig. 1). Within and
between these hexagons the Pd–Sn distances range from 266 to
286 pm, close to the sum of the covalent radii [47] of 268 pm,
indicating substantial Pd–Sn bonding. This is in good agreement
with chemical bonding analysis on diverse isotypic compounds
[48,49]. Similar to the structure of YPd2Sn, the shortest distances
to yttrium occur for the palladium atoms (308–316 pm). This is in
line with the course of the electronegativities.
The yttrium atoms in YPd2Sn have no close yttrium neighbors.
The shortest Y–Y distance of 475 pm is much longer than in hcp
yttrium [50], where each yttrium atoms has six neighbors at 356
and six further neighbors at 365 pm. This is different in equia-
tomic YPdSn. Here we observe short Y–Y contacts at 364 pm
along the stacking direction of the Pd3Sn3 hexagons and addi-
tionally two yttrium atoms at 398 pm perpendicular to these
chains (Fig. 1). In the following sections we address the 119Sn
Mo¨ssbauer and 89Y solid state NMR spectra which reﬂect these
crystal chemical details.
It seems worthwhile to comment on the enhanced displace-
ment parameter of yttrium in YPd2Sn. The yttrium position is
fully occupied within three standard deviations, and since yttrium
is the lightest X-ray-scattering element in YPd2Sn, also defects on
these sites are questionable. Most likely one observes small
deviations from cubic site symmetry, due to palladium/tin dis-
order. The latter is hardly detectable by X-ray diffraction, since
these elements have only a small difference in scattering power.
Such a disorder results in deviations from cubic site symmetry.
The tin atoms respond to such a disorder by a distribution of
quadrupole splittings, which is most likely responsible for the
slightly enhanced line widths (vide infra) observed in the 119Sn
Mo¨ssbauer spectra.
3.2. 119Sn Mo¨ssbauer spectroscopy
The 119Sn Mo¨ssbauer spectra of YPd2Sn and YPdSn at 78 and
298 K are presented in Figs. 2 and 3 together with transmission
integral ﬁts. The corresponding ﬁtting parameters are listed in
Table 4. In agreement with the cubic site symmetry of the tin atoms
in YPd2Sn the
119Sn spectrum was well reproduced with a single
tin site at an isomer shift of 1.69 mm/s and no quadrupole splitting.
The isomer shift value is in the typical range observed for related
Table 3
Interatomic distances/pm of YPdSn and YPd2Sn. All distances within the ﬁrst
coordination spheres are listed. Standard deviations are equal or smaller than 0.2 pm.
YPdSn YPd2Sn
Y: 1 Pd 308.2 Y: 8 Pd 290.7
2 Pd 316.0 6 Sn 335.7
2 Sn 316.4
1 Sn 322.1
2 Sn 326.4
1 Sn 329.8
2 Sn 330.5
1 Pd 334.1
Pd: 2 Sn 266.4 Pd: 4 Y 290.7
1 Sn 269.0 4 Sn 290.7
1 Sn 285.5
1 Y 308.2
2 Y 316.0
2 Y 330.5
1 Y 334.1
Sn: 2 Pd 266.4 Sn: 8 Pd 290.7
1 Pd 269.0 6 Y 335.7
1 Pd 285.5 6 Pd 335.7
2 Y 316.4
1 Y 322.1
2 Y 326.4
1 Y 329.8
Fig. 1. Yttrium coordination in the structures of YPdSn and YPd2Sn. Yttrium,
palladium, and tin atoms are drawn as medium gray, black ﬁlled, and open circles,
respectively. Relevant interatomic distances for YPdSn are given.
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intermetallic tin compounds [51,52]. The tin atoms in YPdSn have
much lower site symmetry. m. which is reﬂected in a quadrupole
splitting parameter of 0.93 mm/s. The isomer shift of 1.82 mm/s is
slightly higher than the one observed for YPd2Sn, indicating slightly
higher s electron density at the tin nuclei in YPdSn.
3.3. 89Y solid state NMR spectroscopy
Figs. 4 and 5 show the 89Y MAS-NMR spectra of YPd2Sn and
YPdSn, respectively. Aside from the MAS-NMR spectra of Y5Si2B8 [24]
and YB4 [25], the spectra reported here belong to the ﬁrst set of high-
resolution 89Y solid state NMR data in crystalline intermetallic
compounds. Consistent with the crystal structures of both materials,
only one 89Y NMR signal is observed in each. The lineshapes are ﬁtted
as Gaussian/Lorentzian line shapes with the parameters listed in
Table 5. Both compounds are characterized by large Knight shifts,
indicating that the 89Y nuclei experience a large unpaired spin density
of the conduction electrons near the Fermi edge. The low MAS
spinning sideband intensities indicate a very small Knight shift
anisotropy, consistent with the high local symmetry of the yttrium
sites. While the line width for YPdSn is rather small, indicative of high
crystallographic order, the large 89YMAS-NMR line width of YPd2Sn is
rather striking. We attribute it to the presence of an isotropic Knight
shift distribution, possibly caused by local variations in the local
yttrium environments. As discussed above, these local variations may
arise from Pd/Sn disorder in the ﬁrst Y coordination sphere, producing
the large displacement parameters of the Y atoms.
In the course of our systematic studies of yttrium intermetallics
we studied the 89Y solid state NMR spectra of a series of equiatomic
YTX compounds, for Y metal, YCu and YAg. The shift parameters are
listed in Table 5 together with the values obtained for YPd2Sn and
YPdSn. Besides the dominant Knight shift contributions from the
Fig. 2. Experimental and simulated 119Sn Mo¨ssbauer spectra of YPd2Sn at 78 and
298 K.
Fig. 3. Experimental and simulated 119Sn Mo¨ssbauer spectra of YPdSn at 78 and
298 K.
Table 4
Fit parameters of 119Sn Mo¨ssbauer spectroscopic measurements of YPd2Sn and
YPdSn at various temperatures.
Sample T (K) d (mm/s–1) DEQ (mm/s1) G (mm/s1)
YPd2Sn 78 1.69(1) – 1.38(2)
298 1.65(1) – 1.17(1)
YPdSn 78 1.82(1) 0.93(1) 1.20(2)
298 1.78(1) 0.90(1) 1.10(3)
Fig. 4. 24.5 MHz solid state NMR spectrum of YPd2Sn at room temperature.
Fig. 5. 24.5 MHz solid state NMR spectrum of YPdSn at room temperature.
Spinning sidebands are marked by asterisks.
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conduction electrons near the Fermi edge, these values also include
minor contributions from localized chemical bonding effects. The
isotropic shift values tend to be higher than those reported
previously for YB4 (295 ppm) [25] and Y5Si2B8 (800 ppm) [24]. All
those compounds containing only one crystallographic yttrium site
show spectra with single peak contributions. As a ﬁrst test for
multiple yttrium sites we measured the silicide YPdSi [53] which
crystallizes with a superstructure of the KHg2 type with a ratio of
Y1:Y2:Y3¼2:1:1. These sites have been well resolved in a room
temperature 89Y NMR spectrum (Table 5). We are currently testing
more complex compounds with superstructures, where 89Y NMR
helps as a complementary tool for structure elucidation.
A survey of the resonance shifts and line width parameters for
the 20 compounds studied so far reveals no obvious correlations
with the structure type, the valence electron concentration or the
electronegativity of the ligands of the yttrium atoms. This is not too
surprising as the Knight shifts do generally not reﬂect local binding
properties. Also the large differences in the MAS-NMR linewidths
are not understood so far. To gain a deeper understanding of
the 89Y NMR lineshape parameters in intermetallic compounds,
inspection of a larger body of data obtained on isotypic series and
on binary intermetallic compounds may be helpful; in addition the
aid of reliable electronic structure calculations will be indispen-
sable. Detailed work towards this goal is in progress.
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Table 5
89Y solid state NMR ﬁtting parameters of diverse intermetallic yttrium compounds.
Compound Structure type diso (ppm) D (Hz)
Y hcp 3613 11,910
3670750 [17] –
YCu CsCl 2851 1,696
YAg CsCl 2923 2,631
YNiSi TiNiSi 1524 753
YNi2Si2 ThCr2Si2 756 1,214
YCuSi ZrBeSi 1386 685
YPdSi YPdSi 1085 (22%) 795
1402 (24%) 826
1597 (54%) 859
YAgSi ZrNiAl 1445 285
YIrSi TiNiSi 1837 605
YNiGe TiNiSi 1450 520
YNi2Ge2 ThCr2Si2 832 2,634
YCuGe CaIn2 1550 2,865
YAgGe ZrNiAl 1480 1,246
YNiSn TiNiSi 1640 370
YCuSn NdPtSb 2045 2,041
YRhSn ZrNiAl 2087 6,457
YPdSn TiNiSi 1440 467
YPd2Sn MnCu2Al 1920 2,523
YAgSn NdPtSb 2152 1,231
YPtSn ZrNiAl 2945 2,680
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